to promote cooperation on space-related projects between South Africa and the international community in order to fast track South Africa's role in international space activities. Space activities after 1994 led to the launch of South Africa's first Earth observation satellite, called Sunsat, by Stellenbosch University in 1999. This satellite was launched through a working collaboration with the United States National Aeronautics and Space Administration (NASA) agency. In 2009, South Africa developed a second satellite called SumbandilaSat (Sumbandila means 'lead the way' in Venda) to showcase its growth in Earth observation space activities. This satellite was launched through the working collaboration with the Russian space agency (RKA). These two satellites are the first microsats constructed entirely on the African continent and demonstrate South Africa's hi-tech industrial capabilities. 5 Egypt has participated in space science since the early 1900s. Through its Helwan Institute of Astronomy and Geophysics, Egypt shared the discovery of planet Pluto in the 1930s 7 and participated in atmospheric aerosol studies in the 1980s. Egypt launched its first Earth observation satellite -EgyptSat-1 -in 2007. The development of EgyptSat-1 was through a working collaboration with the Ukraine. This collaboration resulted in the participation of 60 Egyptian scientists and engineers in the programme. Over half a century ago, wealthier European countries recognised that their budgets and human resources were too limited to afford the national space programmes of world powers such as the USA, Russia and, today, China and India. Alongside their national space agencies, they therefore formed a continental satellite development agency and a continental space launcher agency in 1964. These agencies were in turn merged to found the European Space Agency (ESA) in 1975. Budget constraints require even ESA to work with the USA and Russia to participate in human spaceflight and the International Space Station.
The need for Africa to develop its own African Space Agency (ASA) gained momentum, and, in 2010, the African Union approved a feasibility have not yet participated in space endeavours need first to develop their own capabilities so that they can participate fully in the development of the ASA. However, Gottschalk 4 differs, stating that the development of the ASA could provide the vehicle for the continent to negotiate better offers for satellite construction, space launches, technology transfer and infrastructure, than could individual countries alone. Attesting to this, Abiodun 7 stated that space exploration is a total global engagement and therefore continents ought to have one voice towards space utilisation. Thus, working on a regional basis is no longer an option, but a necessity for development. The ASA therefore needs to be implemented to enhance Africa's contribution in space science. One of the proposals that has been discussed is for an African Institute of Space Science. The proposed Institute would promote and coordinate crosscutting multidisciplinary research and applications in space science and technology to address the development needs of the region. 14 Africa also continues its endeavours in space science with the assistance of already developed programmes, such as the European Earth Observation System called Global Monitoring for Environment and Security (GMES). The objective of this programme is to monitor natural resources (e.g. water), to give advance warning to decisionmakers to counter effects of climate change, to support peacekeeping operations and to provide responses to natural and human-made disasters. Because of Africa's lack of continent-wide advances in Earth observation to address societal challenges, in 2010 the African Union asked for the implementation of GMES in Africa through its European Earth Observation Systems satellite. This collaboration will increase knowledge transfer between the two continents.
The United Nations Office for Outer Space Affairs [15] [16] [17] [18] has long acknowledged that the growth of scientific knowledge and continuing development in technology are improving societal challenges, from human security to sustainable development. This office established the regional centres of space science and technology education in four regions: Asia, Africa, Latin America and the Caribbean. 15 In Africa, these centres were set up in 1998 and are based in Morocco and Nigeria. The Moroccan institute serves French-speaking states and has 13 member countries: Algeria, Cameroon, Cape Verde, Central African Republic, Côte d'Ivoire, Democratic Republic of Congo, Gabon, Morocco, Mauritania, Niger, Senegal, Togo and Tunisia. The Nigerian English-based institute has 15 member countries: Cameroon, Democratic Republic of Congo, Ethiopia, Gambia, Kenya, Liberia, Malawi, Nigeria, Sierra Leone, South Africa, Sudan, Uganda, Tanzania, Zambia and Zimbabwe. This initiative equips the African continent with space science knowledge.
Another international programme is the United Nations Space-based Information for Disaster Management and Emergency Response (UN-SPIDER) with regional support offices in Algeria, Nigeria and South Africa, plus the Regional Centre for Mapping of Resources in Kenya, which has, in total, 14 participating African countries. The UN-SPIDER 19 aims at providing universal access to all types of space-based information and services relevant to disaster management.
The African Union has further strengthened African endeavours in space science by launching the Pan-African University. 20 The Pan-African University will ultimately consist of five centres across the continent, although not all have been launched yet. One of these centres will be an institute dedicated to space science which South Africa will host. The Pan-African University will increase interest in, and Africa's participation in, Earth observation. Africa's continuing participation in the development of space science will enhance the continent's ability to address vast societal challenges.
Although this commentary is focused on Earth observation satellites for assessing Africa's space participation and development, we go a step further in Table 2 to show a representative cross-section of major ground infrastructure for space-related activities in Africa. However, the remotesensing data-processing centres for Earth observation are too numerous for inclusion in one table and are therefore omitted from Table 2 .
Conclusion
The exponential growth of scientific knowledge and the continuing development in technology improves living conditions in our society. The capacity that Earth observation satellites provide to observe possible threats to life on Earth and to help mitigate them is very important for human survival and social development. Although there is a strong need for technological advancement in Earth observation, Africa is faced with tremendous challenges in relation to such developments because of a scarcity of capital. The need to justify expenditure on space-related endeavours, such as Earth observation satellites, competes with other pressing expenditure needs, such as provision of food, houses, jobs and commercial development.
Analysis indicates potential problems, as well as benefits, in proposing the timing and modalities for a continental space agency. Developing countries are prone to set up top-heavy bureaucratic structures, whose prime function is political patronage. This approach diverts scarce financial resources away from science and engineering into a bloated bill for remuneration to parasitic personnel. Furthermore, founding intergovernmental agencies requires learning multilateral ways of thinking and doing. Issues of negotiating interoperationality with software, hardware and agencies are protracted. The lessons learned from RASCOM and ARM show that this process realistically requires one to two decades to operationalise. Therefore, a balanced and rational solution is to propose that an African continental space agency grows organically out of existing agreements such as the ARM, RASCOM, and institutions such as the ALC. Individual countries can be incrementally added to ARM. RASCOM could broaden its mandate from communication satellites to Earth observation satellites and other space science research. The ALC could incrementally broaden its functions from symposiums to coordination. 21 It is vitally important that the African continent should have its own Earth observation satellites because if it remains a passive consumer of such satellite data bought from the market, or in the public domain, we will suffer various drawbacks. Such data are collected according to the needs and priorities of other countries or corporations, and may be subject to limitations in relation to Africa's needs. Data placed in the public domain may also be subject to significant delays and conditionalities. By contrast, an African continental consortium could, for example, negotiate with launch providers to insert a constellation of Earth observation satellites optimally spaced out into a sun-synchronous orbit, ensuring full coverage between Dakar and Djibouti.
It is clear that the necessity for Africa to participate in and coordinate its space activities cannot be overemphasised, and a commitment from developed countries to assist Africa's endeavours, both financially and in knowledge transfer, is vital for the success of our continental space programmes.
